This study presents the operation basis of GPS global positioning system and augmentation systems used to increase positioning accuracy. Furthermore, selected measurement results for an EGNOS-augmented GPS receiver positioning are included along with an analysis of GIS measurements accuracy, performed using dierential corrections. This analysis takes into consideration the impact of the number of measurement series and satellite constellation on the accuracy of positioning achieved in praxis using the EGNOS system.
Introduction
Global Positioning System (GPS) is an example of a distributed measurement system constructed using the most advanced technology [14] . GPS receiver positioning accuracy is a product of many factors which will be discussed below. Methods of improving the GPS positioning accuracy along with selected study results of positioning accuracy achieved in praxis using the EGNOS system will be also demonstrated.
A GPS space segment is composed of at least 24 satel- There are two versions of the GPS system:
• PPS (Precise Positioning System) is available to the U.S. and NATO military as well as selected organizations for a fee;
• SPS (Standard Positioning System) is free of charge and commonly available (receiving the satellite signal is toll-free).
In order to use SPS it is necessary to have a GPS receiver which computes the location, speed and ac- * corresponding author; e-mail: artur.skorkowski@polsl.pl • ionospheric delay changes in the speed of signals broadcast from the satellites and travelling through the ionosphere (±7 m),
• tropospheric delay analogous phenomenon in the troposphere caused by changes in air humidity, temperature and pressure (±0.5 m),
• ephemerides error dierences between theoretical and actual position of the satellites (±2.5 m),
• satellite clock inaccuracy (±2 m),
• reception of reected signals which reach the receiver by other routes than directly from the satel-
• receiver errors noise distorting the transmission, inaccuracy of computational procedures in the software (±1 m).
PPS receivers are additionally provided with P signal on frequency L2 = 1227.60 MHz, which makes it possible to calculate a correction and neutralize the main cause of the measurement error resulting from the distortion of radio signals in ionosphere [7, 8] .
Currently manufactured GPS receivers track a greater 
Dierential corrections
The GPS accuracy described above is not sucient for many uses, such as paramedics, geodesic measurements or landing aircraft navigation. In situations where higher measurement accuracy is required, DPGS is used.
It takes advantage of dierential corrections in addition
to the typical GPS data. This system takes advantage of the fact that positioning inaccuracy for civilian use is usually caused by the same set of factors in a small geographic area. There are two basic techniques of correcting errors in GPS receiver positioning: real-time correction and post-processing [9] .
When GPS signal is received in a known and xed location, it is possible to calculate the measurement inaccuracy and send that to the receivers located in the nearby area. This is how dierential (referential) GPS stations operate. They receive signals from Navstar satellites, calculate the measurement error and send a correction to GPS receivers present in the nearby area that are able to receive such corrections.
It is possible to conduct a series of measurements without dierential corrections and process them later using the data from a dierential station. This technique is called post-processing and is very popular in geodesic measurements. In case of long measurements which simultaneously utilize at least two GPS receivers and differential corrections, it is possible to locate a geodesic point with 1 cm or even 1 mm accuracy.
A project of creating a civilian network of navigational satellites has emerged a few years ago because:
• there is a need to create a system which is more accurate than the existing ones and can be used worldwide (e.g. in air navigation and during rescue missions),
• a system which is independent from one country and its policies is more benecial,
• a system with higher resistance to noise and satellite defects is required for many uses.
A concept of such a system has been proposed by the European Union. Initially the entire project was known by a name of Global Navigation Satellite System (GNSS).
For economic reasons a system called EGNOS has been created rst with a purpose of checking and correcting the data coming from Navstar network (and possibly Glonass). At the same time the Galileo system is being developed.
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Fig. 1. Deployment of EGNOS ground stations (• RIMS, MCC, NLES).
The ground segment is composed of a series of stations ( Fig. 1 ):
• 34 ranging and integrity monitoring stations An eect of such type of measurements is a higher systematic error, which can be observed in Fig. 3 In the study analyses of GIS measurements accuracy, performed using dierential corrections have been con- 
